CHAPTER Vll 



LACHRYMATORS 

Without question tlic eyes are the most sensitive part of 
tin- hotly su far as chemical warfare is concerned. Lachry- 
mators arc substances which affect the eyes, causing involun- 
tary weeping. These sul stances can produce an intolerable 
atmosphere in concentrations one tliousancl times as dilute 
as that required for the most effective lethal agent. The great 
military value of these gases has already been mentioned and 
will be discussed more fully later. 

There are a number of compounds which have some value 
ns lnchrymators. though a few art* very much better than all 
the others. Practically all of them have no lethal properties 
in the concentrations in which they art; efficient lachrymators, 
though we must not lose sight of the fact that many of them 
have a high lethal value if the concentration is of the order 
of the usual ]K>ison gas. The lachrymators arc used alone 
when it is desired to neutralize a given territory or simply to 
harrass the enemy. At other times they are used with lethal 
gases to force the immediate or to prolong the wearing of the 
mask. 

V large number of the laclnymators contain bromine. In 
order to maintain the gas warfare requirements, it was early 
decided that the bromine supply would have to 1 m* considerably 
increased. The most favorable source of bromine is the sub 
ter ran can basin found in the vicinity of Midland, Michigan. 
15c cause of the extensive experience of the Dow Chemical Co. 
in all matters pertaining to the production of bromine, tlicv 
were given charge of the sinking of seventeen government 
wells, capable ol producing 650,000 pounds of bromine per 
year. "While the plant was not operated during the War, it was 
lalcr operated to complete a contract for 500,000 pounds 
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of bromine salts. They will bo held as a future war asset of 
the United States. 

The principal lachrymatore used during the War were: 

Bromonccioiic, 

Itronicimetliylcth.vlketoue, 

Benzyl bromide, 

Kthyl ioduacetate, 

Ihomolxnxyl cyanide. 

Phenyl carbylamiiic chloride. 

Clduropicrih is mninaliiiig of a lactic) niiitur, hut it has greater 
value as n toxic gas. 



Halogenated Ketones 

One of the earliest laehrymators used was bromoacetone. 
Because of the difficulty of obtaining pure material, the eom- 
mcrcial product, containing considerable dibrornoaeetono and 
probably higher halogenated bodies, was used. The presence 
of these higher bromine derivatives cuusidirnbly deereawd its 
ettieSeney us a laehryinatur. The preparation or hnnmuiec- 
tone involved the loss of considerable bromine in the form of 
hydrobromic acid. This led the French to study various 
methods of preparation, and they finally obtained a product 
containing 80 per cent bromoacetone and 20 per cent oliloro 
acetone, which they called “nmrtoailc." A- the war pro 
pressed. acetone became scarce, and the Germans sulistituteil 
mothylcthylketone, for which there was little use in other war 
activities This led to the French ‘‘houinmurtonite.” 

Various other halogen derivatives of ketones have been 
studied in the laboratory, but none have proven of as great 
value as bromoacetone, either from the standpoint of toxicity 
or lachrymatory power. 

Bromoacetone may be prepared by the action of bromine 
(liquid or vapor) upon ar.etone (with or without a solvent). 
Aqueous solutions of acetone, or potassium bromide solutions 
of bromine, have also been used. 

Pure bromoacetone is a water clear liquid. There are great 
differences in the properties ascribed to this body by different 
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investigators. This probably is due to the fact tliat the mono- 
bromo derivative is mixed with those containing two or more 
atoms of bromine. A sample boiling at 126 127° and melting 
at —64°, had a specific gravity of 1.631 at U . It has a va|->r 
pressure of 9 mm. of mercury at 20°. 

While bromoacctoue is a good lachrymator, it possesses 
the disadvantage that it is not very stable. Special shell 
linings are necessary, and even then the material may be 
decomposed before the shell is fired. The Germans used a lead 
lined shell, while considerable work has been carried out in 
this country with enamel lined shell. Glass lined shell may 
also be used. It is interesting to note tliat, while bromoacetone 
decomposes upon standing in the shell, it is stable upon detona- 
tion. No decomposition products are found after the explosion, 
and even unchanged liquid is found in the shell. It may 
be considered as having a low persistency, since the odor 
entirely disappears from tlie surface of the ground in twenty- 
four hours. 

Hromoaeetonc was also used by tlie Germans in glass hand 
grenades (Hand-a-Stink Kugel) and later in metal grenades. 
The metal grenades weighed about two pounds and contained 
about a pound and a half of the liquid. 

Nartovile was prepared by the French in an attempt more 
completely to utilize the bromine in the preparation of bromo- 
aectone. They regenerated the bromine by the use of sodium 
chlorate : 



NaOIOj + 6HBr = Natl 3Br, + 311,0 

In practice sulfuric acid is used with the sodium chlorate, so that 
the final products are soil iu in arid sulfate and a mixture of 20 per 
cent chloroaeetonc and 80 per cent hromoaccTone, according to 
the reaction : 



5 (CHsliTU-MBr+HjSO.+NanOs- 

•iC HzBK Orila d-d W lf O (Ha+NaHSO,+:!HeO. 

This product is equally as effective as bromoacetone alone and 
is very much cheaper to manufacture. In general its properties 
(‘■'"iiibla vnry closely tl. * of hrnmoacvtonc 
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of bromine salts. They will be held as a future war asset of 
the United States. 

The principal lachrymators used during the War were: 

Uromoacetoiic, 

Bromomethylctliylketoue, 

Bcn/yl bromide, 

Kthyl iodoacctute, 

Itromobciizyl cyanide. 

1'iienyl carliylamiiie chloride. 

Cldoroji'nriic is something of a lacliry mator, hut it has greater 
value as a toxic gas. 



JfiliOGENATEO ICl'.TONfcfc 

One of the earliest. lachrymators used was bromoacetonc. 
Because of the difficulty of obtaining pure material, the com- 
mercial product, containing considerable dibromoaeetone and 
probably higher halogenated bodies, was used. The presence 
of these higher bromine derivatives considerably decreased its 
efficiency as a lachrymal or. The preparation of hnumuicc- 
tone involved the loss of considerable bromine in the form of 
hydvobromic acid. This led the French to study various 
methods of preparation, and they finally obtained a product 
containing 80 per cent bromoacclone and 20 per cent chloro- 
aeetone, which they called “mnrtojiite." As ihc war pro- 
gressed. acetone became scarce, and the Germans suistituted 
melhylcthylketone, for which there was little use in other war 
activifiiw. This led to the Frciieh “homnniartouite.” 

Various other halogen derivatives of ketones have been 
studied in the laboratory, but none have proven of as great 
value as bromoacetonc, either from the standpoint of toxicity 
or lachrymatory power. 

Bromoacetmie may be prepared by the action of bromine 
(liquid or vapor) upon acetone (with or without a solvent). 
Aqueous solutions of acetone, or potassium bromide solutions 
of hromjac, have also been used. 

Pure bromoacotone is a water clear liquid. There are great 
differences in the properties ascrilwd to this body by different l 
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investigators. This probably is due to the fact that the mono 
brorao derivative is mixed with those containing two or more 
atoms of bromine. A sample boiling at 126 127° and melting 
at —54°, had a specific gravity of 1.631 at. l> . It has a va]Hir 
pressure of 9 mm. of mercury at 20°. 

While bromoaectonc is a good lachrymator, it possesses 
the disadvantage tlrnt it is not very stable. Special shell 
linings are necessary, and even then the material may be 
decomposed before tlic shell is fired. The Germans used a lead 
lined shell, while considerable work has been carried out in 
this country with cnumcl lined shell. Glass lined shell may 
also bo used. It is interesting to note that, while bromoacetonc 
decomposes upon standing in the shell, it is stable upon detona 
lion. No decomposition products are found after the explosion, 
sud even unchanged liquid is found in the shell. It may 
be considered as having a low persistency, since the odor 
entirely disappears from the surface of the ground in twenty- 

lour hours. 

lironioncctuiic was also used by the Germans in glass hand 
grenades (llnml-n-fitink Kngel) and later in metal grenades. 
The metal grenades weighed about two pounds and contained 
about a pound and a half of the liquid. 

Martomle was prepared by the French in an attempt more 
completely to utilize the bromine in the preparation of bromo- 
aevtouc. They regenerated the bromine by the use of sodium 
chlorate : 



NnCIO, + CHBr = N«C1 8Br, + 311,0 

In practice sulfuric acid is used with the sodium chlorate, so that 
the final products are sodium arid sulfate and a mixture of 20 per 
cent eliluroacctonc and 80 per cent bromoacetonc, according to 
the reaction : 



5 (CH3)zf'tJ+4Br+H 2 S04+Nan0 3 = 
dC'HzBrCOCHa+CHsC'lfO (Ha+NaHS0«+3H*0. 

This product is equally as effective as bromoacelone alone and 
is very much cheaper to manufacture. Tu general its properties 
i. -'mMo enry closely thev of bromoacetonc 
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Hast two product* wo n prepared by identical methods. About 
I wo thirds of tho product produced by the factory was prepared from 
methylethyl ketone which was obtained from the product rcriiltin" from 
t lie distillation of wood. Tin method employed was to treat an aqueous 
solution of potassium or sodium cltloiale with acetone or methylethyl 
ketone, and then add slowly the requiied amount of bromine. The 
equation for the reaction in tlie case of acetone is ns follows: 

CH3COCH3 + Br 2 - CIlrBrCfCUa + IHlr 

Ten kg.-nuiU of acetone or mcthylclliyl ketone were used in a 
sin (do operation. About 10 |>er cent excess of oblorato over that 
required to oxidize the liydrobfomie acid formed in tlie reaction was 
used. The relation between the water am! the ketone was in the 
proportion of 2 parts by weight of the former to t part by weight 
of the latter, For 1 leg. mol. wl. of tlie ketone, III per cent excess 
over 1 kg. atomic-weight of bromine was used, 

Tim reaction was carried out either in cnnhemvnre vessels nr in 
iron kellies lined with cnrllieiiwmr. The kettles were furnished wilh 
a stirrer made of wood, and varied in capacity from 4,000 to 3,000 liters. 
They were set in wooden tanks olid moled by eirenlnling water. Tlie 
chlorate wtus first dissolved in the water and Ihen the ketone added. 
Into this mixture the bromine was allowed to ran slowly while tlie 
solution was stirred and kept at a trmierature of from 30° to 10° c. 
The Unto required lea- the addition of tho bromine was nlmut 4H hrs. 
When tlie reaction was tuiiiplitP, the oil was drawn off into an iron 
vessel and stirred with magureium oxide in the presence' of a small 
amount of water in order to neutralize tlie free acid. It was then 
separated and dried Witll calcium chloride. At this point a sample 
of the material was taken and tested. The product was distilled 
to tell Ikiw much of it boiled over below 130° when methylethyl ketone 
had been used. If less than 10 per cent distilled over, the broiuination 
was considered to hi' satisfactory. If, however, a larger percent 11 no of 
tow boiling material was obtained, the product was submitted to further 
broiuination. The material obtained in this way was found on analysis 
to contain slightly less than the theoretical amount of monobromo- 
ketone. 

It was finally transferred by suction or by pressure into tank 
wagons. At (list lend lined tanks were used, but later it was found 

* Norris, J. /sit. F.ng. Cb in., 11, fi>l (1019). 
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til.: tonka nin.ii ..f iron could be sub**itoted. In onto In take care 
. ( f the xmall amount of lmhobron.ic acid, which • slowly formed, 
n email amount o: mogrKwmm oxide wai add.d to llie material. Tlie 
nmoiuit of tlie oxide . J v. . approximately in tlic proportion of 
J (>art to llino parts ol -.•'one When the nuicne nmo oxide was used, 
it xras found that the brercohetono kept xvitliout n|.(ireeiable deeomjiOM 
lion for nlK.ul 2 n. on I lei Tie- yield of the product from 580 kfj- of 
aeelono (10 kg.-mol. vts.) was 1,11.0 kp. Tlie yield from 720 kg. nf 
methylethyl ketone (10 kg. mol. wts.) xras 1250 kp. 

HaLDUENATEI) Esters 

The list of ethyl icdoacetatc was advocated at a time when 
the price of biomine seenict! prohibitive. Hccause of the rela- 
tive prire of hromine and iodim under ordinary conditions, 
it is not likely that it would lie commonly used. However, 
it is an efficient laelirjnialiir nml is more sialili Ilian the 
hidngciuitcd ketones. s< that on a smaller scale it might be 
odvisahlc to use it. 

ll is prepared by the reaction nf sodium halide upon an 
nh-uholic solution uf ethyl chloroneetatc. It is a colorless oil, 
boiling id 17*180 C. (C'J f. al 12 mm.) mid having a 
density of about 1.8. It is very tniieh less volatile Ilian bromu- 
neitone, having a vapor pressure of 0.54 mm. of mercury at 
20" ('. Ethyl iodoacclale is about one-third as toxic as bromu- 
iieetone. but has about the same lachrymatory value. 

Aromatic Halides 

"Ueiusyl bromide” was also usid during tlie early part of 
I lie ivar, usually mixed with bromoacetone. The material was 
not pure benzy l bromide, but the reaction product of bromine 
upon xylene, and should perhaps be referred to as “xylyl 
bromide.” 

Pure benzyl bromide is a colorless liquid, boiling al 198- 
199“ C-, and having nil odor reminiscent of water cress and then 
of mustard oil. The war-gas Is probably a mixture of mono- 
mid dibromo derivatives, boiling at 210-220' <\. and having n 
density at 2<> C. of 12. The mixture of iietizyl and xylyl 
iH’nmideK used hy the Germans was known as “T-Stoff," while 
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the mixture of S8 per went xylyl bromide and 12 per e-nt 
InomotU'-tone was called “Green T-Stoff." 

As in the case of the halogonated acetones, it is necessary 
to use lead lined shell for these compounds. Enamel and 
glass lined shell may be used and give good results. While 
they are difficult of manufacture, satisfactory methods were 
being developed at the close of the war. 

“T-Stoff" may be detected by the nose in concentrations 
of one part in one hundred million of air, and will cause 
profuse lachrymation with one part in a million. It is a highly 
persistent material and may last, under favorable circum- 
stances, for several days. While it is relatively non-toxic, 
French troops were rendered unconscious hy it during certain 
bombardments in the Argonne in the summer of 1915. 

A number of derivatives of the benzyl halides have been 
tested and some have proven to be very good lachi-ymalors. 
The difficulty of their preparation on a commercial scale has 
made it inadvisable to use them, and especially inasmuch as 
bromobenzyl cyanide has proven to be such a valuable com- 
pound. 



Bromobenzyl Cyanide 

Bromobenzyl cyanide is, chemically, a-bromo-a-tolunitrile. 
or pheuyl-bromo-acetimitrile, C.H.CHBrCN. It is prepared 
by the action of bromine upon benzyl cyanide. 

Benzyl cyanide is prepared by the action of sodium cyanide 
upon a mixture of equal parts of 95 per cent alcohol and 
benzyl chloride. The benzyl chloride in turn is obtained by 
the chlorination of toluene at 100°. The material must, be 
fairly pure in order that the benzyl cyanide reaction may pro- 
ceed smoothly. The cyauide is subjected to a fractional dis- 
tillation and that part boiling within 3 degrees (the pure 
product boils at 231 7° C.} is treated with bromine vapor mixed 
with air. It has hern found necessary to catalyze the reaction 
by sunlight, artificial light or the addition of a small amount 
of bromobenzyl cyanide. 

The prndnet obtained from this reaction, if the hydro 
bromic acid which is formed is carefully removed by a stream 
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of air, is sufficiently pure for use as a lachrymator. It melts 
from 10 to 22' C,, while llio pure product melts at 2i>° C. It can- 
not lie distilled, even in a high vacuum, ft has a low vapor pres- 
sure and thus is a highly persistent lachrymator. 

Broniobt-uzyl cyanide is about as toxic as chlorine, but is 
many times as effective a lachrymator as any of the halogcnated 
ketones or aromatic halides studied. It lias a pleasant odor 
and produces a burning sensation on the mucous membrane. 

lake the other halogen containing compounds, lead or 
enamel lined shell are necessary for preserving the material 
uiiy length of time. In all of this work the United Stales 
was at a very marked disadvantage. While the Allies and 
the Germans could prepare substances of this nature and use 
them in shell within a month, the United Slates was sure that 
shell filled at Kdgewood Arsenal probably would not be fired 
within three months. This menus that much greater precautions 
were necessary, laith as to the nature of the shell lining and 
us to the purity of the "war gas.” 

The question of protection against lachrymatory gases was 
never a serious one. During the first part of flic war this 
was amply supplied by goggles. Later, when the Standard 
Respirator was introduced, it was found tlmt ample protection 
was afforded against all flic lachryinators. Their principal 
value is against unprotected troops and in causing men to 
wear their masks for long periods of time. 

The comparative value of the various laellrymators men- 
tioned n hove is shown in the following tabic: 



HroiiiobeiinH cjmiulc 


n mm 


Martonitc. 


0.0012 


Ethyl iodowvlafc • 


o.noti 


Bnxoow non 


0.0015 


Xylyl bromide 


0 OOtH 


Itanzvl bromide 


0 0010 


Hromo ketone 


0 Oil 


Cboroacctone. 


0.018 


Chloropicrin ... 


0 01 0 



The figures give the concentration (milligram per liter of 
air) necessary to produce lachrymation. The method used in 
obtaining these figures is given in Chapter XXI. 
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CHLOROPICRIN 

During tin' spring of JII17, strange ivjmiiIh cnlue from l lie 
Italian front Unit tin (icemans wore using a now war gus 
This gas, while it cli«l not serin to he very poisonous, had the 
romhiitrd property of firing a luoliryiaator and also of causing 
vomiting. Large number of casualties resulted Ihrough the 
men being furred to remove their masks in an ut in ospherc tilled 
with lethal gases. The gas luul the additional and serious 
disadvantage <if being n very difficult one to remove enniplelely 
in the gas mask The liist Aniirienii masks nets very good 
when chlorine or phosgene was considered 1ml were of no value 
when elilompierin was used. 

One of the interesting faeis of chemical warfare is that 
few if any new substances were discovered and utilised during 
the three years of I his form of fighting Chlorine and plinsgi lie 
were, well known compounds. And likewise’, cliloropierin was 
an old friend of the organic chemist. So miirli so, indeed, that 
several organic laliornlorics prepared the compound in their 
elementary courses. 

Cliloropierin was first prepared by Hie English chemist, 
Sleiihonso. in is Id. hv the action of hlenelliiig powder upon a 
solution of pierie acid. This was followed by a careful study 
nf its physical and eheinieal properties, few of which have 
«uy emiuectiim with its use as a poison gas. The use of picric 
iieid ns an explosive made it very desirable that other raw 
nillterials shonld he used. Chloroform, which is the ideal source 
theoretically (sine.- chhiropierin is nitrorhlorofonu. C1.CN0 
gave very poor yields. While it may Ik 1 prepared from nco- 
tone, in fair yields, acetone was alionl as valuable during the 
war as was pierie neid. ITaclieally all the eliloropierin used 
was prepared from this acid as the raw material. 

m 
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Manufacture 

In the manufacture of chlnropicrin the laboratory method was 
a. In plod. This consisted simply in pawing live steam through a 
mixture of picric acid and bleaching powder. Tlic resulting 
ehloropieriii passes out nE the still with the steam. There was a 
question al first whether a steam jacketed reaction vcwcl slum hi 
la' until, and whether stirrers should la introduced. Both types 




Flu 27 Inier. r of Chlorupinin I’lnnt 

were tested, of which the simpler form, without steam .ineket or 
stirrer, proved the more rfliciciit. 

The early work was undertaken at the plant of the Ameri- 
can Synthetic Color Company at Stamford, Connecticut, f/atcr 
u large plant was constructed at Bdgewood Arsenal. At the 
latter place ten stills, 8 by 18 feet, were erected, togi'lher with 
the necessary accessory equipment. The following method of 
operation was used : 

The bleaeli is mixed with water ami stirred until a cream 
is formed Tins eiv.nu is then pumped into the still nlnlig 
with a solution of calcium picratc (picric acid neutralized with 
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lime). When the current of live steam is admitted at the 
bottom of the still, the temperature gradually rises, until at 
85” C. the reaction licgmv The chlnropirrir. passes over with the 
steam and is eundeiuwd. Upon standing, the chloiopicrin set- 
tles out, and may be drawn off and is then ready for Biting 
into tin- shell. The yield was alxmt 1.6 times the weight of 
pieric arid used. 

1’koit.kties 

Chloiopicrin is u colorless oil. which Is insoluble in 
water, and which can lx removed from the reaction by 
distillation with steam, ft lioil* nt 112“ C. and will solidify 
at —69° C. At room temperature it has a density of 1.69 
and is thus higher than chloroform (1.5) or carbon tetrachloride 
(1.59). At room temperature it has a vapor pressure of 24 
mm. of mercury, ft thus lies, in persistency, between such 
gases as phosgene on the one hand, and mustard gas on the 
other, but so much closer to phosgene that it is placed in the 
phosgene group. 

Cliloropierin is a very stable compound and is not decom- 
posed by water, acids or dilute alkalies. The reaction with 
potassium or sodium sulfite, in which all the chlorine is found 
as potassium ur sodium chloride lias hern used as tin analytical 
method for its quantitative determination. The qualitative test 
usually used consists in passing the gas air mixture through a 
heated quarts tube, which liberates free chlorine. Tlic chlorine 
may be detected by passing through a potassium iodide solution 
containing starch, or liy the use of a heated copper wire gauze, 
when the characteristic green Color is obtained. 

An interesting physiological test has also been developed. 
The eye has been found to be very sensitive to chlovupicrin. 
The gas affects the eye in such a way that its closing is prac- 
tically involuntary. A measurable time elapses between the 
instant of exposure and the time when the eye closes. lb-low 
1 or 2 pans per million, the average eye withstands the gas 
without being rinsed. though considerable blinking may he 
caused. Above 25 parts, the reaction is so rapid as to render 
proper timing out of the question. But with concentrations 
Iictwecn 2 and 25 parts, the subject will have an overpowering 
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impulse to close his eye within 3 to 30 seconds. The time 
may be recorded by a stop watch and from the values thus 
determined a calibration curve may be plotted, using the con- 
centration in parts per million and the time to aero eye reaction. 
Typical Cgurrs are given below. It will be noted that different 
individuals will vary in their sensitivity, though the order is 
the same. 



Cone 


V 


II 


l> I'm- 


Smintl* 


Ktxumh 


2») II 


4 0 


.VO 


IS II 


S 4 


1 


1(1 I) 


7 o 


7 5 


7.5 


9 II 


lo o 


5 n 


13 0 


15 0 


i a 


IS 0 


»• (i 




l-io. 28.- C'alilimtiim Curve of Eyes tor Chlnrupirriu 
Protection 

Because of the stability of chloropierin, the question of 
protection resolves Itself into finding an absorbent which is 
very efficient in removing the gas from air mixtures. For- 
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i mu'il' ly such mi agent was found in the activated charcoal 
used in tlic American gas mask The removal <it the gas 
appears to take plan in two stages. In tlie first, the gas is 
adsorbed in such a way that the long continued passage of 
air does not remove it. In the second, the gas is absorbed, 
and this, n ally excess gas, is removed by pure air passing 
over the charcoal. The relation of these two factors has an 
important Issuing on the quality of charcoal to be used in 
gas masks. It appeals that up to a certain point an increase 
nf the quality is desirable: beyond this, it is of doubtful value. 

IhiliUc phosgene, chkn opicrin is absorbed equally well at 
all temperatures. Moisture on the other hand has a very 
decided effect. It appears that charcoal absorbs roughly 
equivalent weights of chloropicrin and of water; the presence 
of water in the charcoal thus displaces an approximately equal 
amount of chloropicrin. 

In the study of canisters it has boon found that the efficiency 
time is approximately inversely proportional to the concentra- 
tion. Formulas have been calculated to express the relation 
existing between concentration and life of the canister, and 
also between the rate of (low of tin gas anil the life. 

While water seems to have a decidedly marked effect U|>on 
the life of a canister, this is not true of other gases, and the 
efficiency of the canister for each gas is not decreased when 
usi'd in a binary mixture. 

Tactical Uses 

Because of the high Itoiling point of chloropicrin it can 
only be used in shell. The German shell usually contained 
a mixture of siq>erpii)ite (trichlorometliyl ebloroformntc) and 
chloropicrin. the relative proportions being almnt 75 to 25. 
These were called Green Cross Shell, from the pi culiar marking 
on the outside of the shell. Mixtures of phosgene and chloro- 
pierin (50-00) have also been used. 

The Allies have used a mixture of 80 ;>er cent eltlovopierin 
mid 20 pn cent stannic chloride (srn-alled N. O. i This mix- 
ture combines the advantages of a gas shell with those of a 
smoke shell, since the percentage of stannic chloride is suffi- 
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eiently high to form a very good cloud. In adilition to this, 
it is l>clievcd Unit the pre-scuce of the chloride increases the 
rate of < vapo ration 01 the cldoropicrin. It has been claimed 
that the chloride decreases the amount of deeompositioii of 
the cldoropicrin u]X»n the bursting of the shell, but careful 
experiments appear to show that this decomposition is neg 
ligible and that the stannic chloride plays no part in it This 
mixture was being abandoned at the close of the war. 

This N. mixture lias also been used iu Inven's projectors 
and in hand grenades. The material is particularly fitted for 
hand grenades, owing to the low vapor pressure of the cldoro 
picrin, and the consequent alMclirc of pressures eveu on warm 
days. As a niarter of fact, it was the only tilling used for this 
purpose, though later the stannic chloride was changed, owing 
to the shortage of tin, tu a mixture of silicon and titanium 
chlorides. 

While chlorupicrin is sufficiently volatile to keep the strata 
of air above it thoroughly poisonous, il is still persistent enough 
to be dangerous after live or six hours 




